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FOREWORD 

Thi s  volume has been prepared f o r  t h e  Funct iona l  I n t e g r a t i o n  Sec t ion ,  
Systems I n t e g r a t i o n  and Operations Branch, Vehic le  Systems Divis ion ,  Propul- 
s ion  and Veh i c  1 e Engineer ing  Laboratory,  by t h e  Engineer ing  Commun i c a  t ions  
Department, Chrys le r  Corpora t ion  Space Div i s ion ,  under c o n t r a c t  number NAS8- 
4016. 

The fo l lowing  s e r i e s ,  of which t h i s  volume i s  a p a r t ,  f u n c t i o n a l l y  de- 
s c r i b e s  t h e  mechanical and e lec t romechanica l  systems of  Sa turn  I SA-9 space  
v e h i c l e  and Launch Complex 3 7 :  

Volume I. 
Volume 11. 
Volume 111. 
Volume I V .  
Volume V. 
Volume V I .  
Volume V I I .  
Volume V I I I .  
Volume IX. 
Volume X. 
Volume X I .  

RP-1 Fuel System 
LOX System 
LH2 System 
Nitrogen and Helium Storage  F a c i l i t y  
Pneumatic D i s t r i b u t i o n  System 
Environmental Cont ro l  System 
Launch Pad Accessor ies  
H-1  Engine and Hydraulic System 
RLlOA-3 Engine and Hydraulic System 
Separa t ion  and F l i g h t  Termination Systems 
Supplement: Legend and Composite Schematic 

Each volume con ta ins  mechanical schematics and a l i s t  of a p p l i c a b l e  f i n d i n g  
numbers . 

Volume V I  d e s c r i b e s  those  components t h a t  are a c t i v e  du r ing  launch opera- 
t i o n s :  i t  s p e c i f i c a l l y  excludes maintenance p rocedures ,  checkout procedures ,  
and payload s e r v i c i n g .  Only information a v a i l a b l e  by January  1, 1964, has 
been inc luded .  
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1. ENVIRONMENTAL CONTROL SYSTEM 

The environmental  c o n t r o l  s y s t e m  (ECS) o f  Launch Complex 37B s u p p l i e s  
cond i t ioned  a i r  o r  gaseous n i t rogen  (GN2) t o  t h e  launcher  and SA-9 v e h i c l e  
compartments t o  ma in ta in  a c o n t r o l l e d  environment w i t h i n  t h e  compartments 
du r ing  prelaunch o p e r a t i o n s .  
de luge  purge and a water quench system which provide  f i r e  p r o t e c t i o n  w i t h i n  
t h e  S-I engine compartment, i f  a v e h i c l e  mal func t ion  occurs  t h a t  c r e a t e s  a 
f i r e  hazard  o r  n e c e s s i t a t e s  shutdown a f t e r  engine  i g n i t i o n .  

Also a s s o c i a t e d  w i t h  t h e  ECS hardware is a 

Three cond i t ion ing  u n i t s  and a s s o c i a t e d  c o n t r o l  u n i t s  on t h e  au tomat i c  
ground c o n t r o l  s t a t i o n  (AGCS) roof ( f i g u r e  1, page 15) supply  dehumidified a i r  
o r  GN2 a t  c o n t r o l l e d  tempera ture  l e v e l s  through(1auncher and umbi l i ca l  tower 
duc t s  t o  t h e  launcher and v e h i c l e  f o r  d i s t r i b u t i o n  w i t h i n  t h e  va r ious  com- 
par tments .  ' GN2 from t h e  n i t rogen  s t o r a g e  f a c i l i t y  (desc r ibed  i n  Volume I V  of 
t h i s  series) is  used f o r  cond i t ion ing  any time an  i n e r t  compartment atmosphere 
is r equ i r ed .  The remote a i r  i n t a k e  f a c i l i t y ,  s u f f i c i e n t l y  removed from t h e  
launch area t o  avo id  i n t a k e  o f  contaminant vapors ,  i nduc t s ,  f i l t e r s ,  and 
s u p p l i e s  ambient a i r  t o  t h e  u n i t s  f o r  cond i t ion ing .  The cond i t ion ing  u n i t s  
c o o l  t h e  a i r  o r  GN2 flowing through them, thereby  removing excess moi s tu re .  
The c o n t r o l  u n i t s  r e h e a t  t h e  dehumidified a i r  o r  GN2 t o  t h e  r e q u i r e d  tempera-  
t u r e  l e v e l s  and d i s t r i b u t e  t h e  medium(s) through u m b i l i c a l  tower o r  launcher  
d u c t s  t o  t h e  compartments. ,The cond i t ion ing  u n i t s  a r e  b a s i c a l l y  i d e n t i c a l  i n  
c o n f i g u r a t i o n  and o p e r a t i o n .  The c o n t r o l  u n i t s  o p e r a t e  i n  a similar manner 
b u t  d i f f e r  i n  c o n f i g u r a t i o n  because of  t h e  number of compartments each con- 
t r o l  u n i t  s e r v e s  and t h e  temperature requi rements  of  each compartment. B e -  
c ause  of t h e  h igh  tempera ture  requirements of  t h e  S - I  and S- IV  engine compart- 
ments and of  t h e  ins t rument  u n i t ,  t h e  c o n t r o l  u n i t s  supply ing  t h e s e  compartments 
c o n t a i n  a u x i l i a r y  e l e c t r i c  duct h e a t e r s .  

The c o o l i n g  tower f a c i l i t y  s u p p l i e s  the water needed f o r  cond i t ion ing  
u n i t  o p e r a t i o n  and coo l s  and r e c i r c u l a t e s  t h e  water r e t u r n e d  from t h e  condi -  
t ion ing  u n i t s .  

Cont ro l  pane ls  on t h e  AGCS roo f ,  i n  con junc t ion  wi th  similar panels  i n  
t h e  launch c o n t r o l  c e n t e r  (LCC), i n i t i a t e ,  moni tor ,  and c o n t r o l  t h e  o p e r a t i o n  
of  t h e  ECS. 

F igures  2 and 3 ,  pages 49 and 51, r e p r e s e n t  t h e  ECS and should be used i n  
con junc t ion  wi th  t h e  fo l lowing  t e x t .  
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2.  E N V I R O N M E N T A L  CONDITIONING AND C O N T R O L  UNITS 

The t h r e e  environmental  c o n d i t i o n i n g  u n i t s  ( " A l " ,  "A2" , and "A3") and 
t h e i r  a s s o c i a t e d  c o n t r o l  u n i t s  ("B'I, "C" , and "D") are  b a s i c a l l y  i d e n t i c a l  i n  
t h e i r  o p e r a t i o n .  The o n l y  d i f f e r e n c e s  i n  t h e  c o n d i t i o n i n g  modules i s  t h a t  
c o n t r o l  u n i t  "B" s u p p l i e s  f i v e  o u t l e t  d u c t s ,  one of  which c o n t a i n s  a n  a u x i l -  
i a r y  duct  h e a t e r ;  c o n t r o l  u n i t  "C" s u p p l i e s  on ly  one o u t l e t  d u c t ,  which con- 
t a i n s  a n  a u x i l i a r y  duct  h e a t e r ;  and c o n t r o l  u n i t  "D" s u p p l i e s  two o u t l e t  d u c t s ,  
one of which conta ins  a n  a u x i l i a r y  duct  h e a t e r .  
o f  t h e  condi t ion ing  modules i s  b a s i c a l l y  t h e  same, o n l y  t h e  o p e r a t i o n  of  con- 
d i t i o n i n g  u n i t  "A2" and c o n t r o l  u n i t  "C" i s  d e s c r i b e d  i n  d e t a i l .  The f a c t  t h a t  
passage A o f  condi t ion ing  u n i t  "A2" i s  i n o p e r a t i v e  i s  ignored i n  t h i s  d e s c r i p -  
t ion.  

Because t h e  o p e r a t i o n  of  each 

Each environmental  c o n t r o l  system module is  d iv ided  i n t o  two subsystems: 
t h e  air-GN2 subsystem and t h e  r e f r i g e r a n t  subsystem. 

2 . 1 .  A i r  -GN7 Subsvs t e m  

E i t h e r  a i r  or GN2 can b e  s u p p l i e d  t o  t h e  v e h i c l e  compartment. 

A i r ,  suppl ied  by t h e  remote a i r  i n t a k e  f a c i l i t y ,  e n t e r s  t h e  c o n d i t i o n i n g  
u n i t  through Washable F i l t e r s  A4146 and A4148 and flows through S p h e r i c a l  Bal l  
Dampers A4255, (passage A) and A4254 (passage B ) .  Blowers A4144 and A4142, 
dr iven  by Motor A4143, f o r c e  t h e  a i r  over e x t e r n a l l y - f i n n e d  Evaporator Coi l s  
A4149 and A4369. A i r  f lowing over  t h e  c o i l s  is  cooled  t o  approximately 40°F 
by t r a n s f e r r i n g  heat t o  vapor iz ing  f r e o n  (type R-22) r e f r i g e r a n t  f lowing 
through t h e  evaporator c o i l s .  Cooling of  t h e  a i r  condenses excess  m o i s t u r e  
from t h e  a i r .  The water t h a t  has  been condensed c o l l e c t s  i n  a condensate  
t r a p  and d r a i n s  from t h e  evapora tor .  The dehumidif ied a i r  flows t o  t h e  con- 
t r o l  u n i t  and i s  heated by Reheat C o i l  A4216. I f  t h e  a i r  i s  n o t  s u f f i c i e n t l y  
hea ted  t o  s a t i s f y  t h e  v e h i c l e  compartment requi rements ,  Duct Heater A4245 i s  
a c t u a t e d .  The duct h e a t e r  i s  c o n t r o l l e d  by A i r  Temperature Regulator  A4217, 
descr ibed  i n  Paragraph 2.2.8. I f  t h e  a i r  o r  GN2 l e a v i n g  t h e  duct  h e a t e r  i s  
overhea ted  and t h e  h e a t e r  i s  s t i l l  a c t i v a t e d ,  Over Temperature Cut-Out Switch 
A4350 w i l l  t a k e  power o f f  t h e  h e a t e r .  

The hea ted  and dehumidif ied a i r  flows from t h e  c o n d i t i o n i n g  u n i t  through 
O r i f i c e  A4303, remotely o p e r a t e d  B u t t e r f l y  Valve A4304, and Check Valve A4353 
t o  t h e  u m b i l i c a l  tower f a c i l i t y  f o r  t r a n s f e r  t o  t h e  S - I V  engine compartment. 

D i f f e r e n t i a l  P r e s s u r e  Switch A4302 a c t u a t e s  t o  s h u t  t h e  c o n d i t i o n i n g  u n i t  
down when t h e  flow is i n s u f f i c i e n t .  D i f f e r e n t i a l  P r e s s u r e  Transducer A4305 
monitors  t h e  a i r  flow through t h e  duct  and sends a n  i n d i c a t i o n  s i g n a l  t o  t h e  
LCC and AGCS. 
flow r a t e  t o  t h e  v e h i c l e  compartment. 

Remotely o p e r a t e d  B u t t e r f l y  Valve A4304 c o n t r o l s  t h e  a i r  o r  GN2 
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I '  

GN2, used f o r  compartment cond i t ion ing ,  is  s u p p l i e d  t o  t h e  ECS by t h e  
n i t r o g e n  s t o r a g e  f a c i l i t y  (descr ibed  i n  Volume I V ) .  The GN2 e n t e r s  t h e  s y s -  
t e m  through Manual Valve A4271 and is  then  f i l t e r e d  by F i l t e r  A4334. Pres- 
s u r e  Switches A4333 and A4377 a c t u a t e  t o  provide  LCC i n d i c a t i o n ,  when t h e  GN2 
p r e s s u r e  i s  e i t h e r  too  low o r  too h igh ,  and Temperature Switches A4334 and 
A4378 a c t u a t e  t o  provide  a n  i n d i c a t i o n  a t  t h e  n i t r o g e n  s t o r a g e  f a c i l i t y  when 
t h e  G N 2  t empera ture  i s  e i t h e r  too h igh  o r  too  low. The 50-ps ig  GN2 e n t e r s  
t h e  cond i t ion ing  u n i t  through GN2 Flow Cont ro l  Regula tors  A4141 and A4140 and 
i s  a d m i t t e d  t o  t h e  system a t  approximate ly  3 in .  H20 s t a t i c  p re s su re .  
is cond i t ioned  i n  t h e  same manner as a i r .  

The GN2 

To s e l e c t  a i r  f o r  cond i t ion ing ,  normally open Solenoid Valves A4145 and 
A4147 are a c t u a t e d  remotely.  These va lves  c l o s e  and ven t  t h e  8 p s i g  c o n t r o l  
p r e s s u r e  from Spher i ca l  Ball Dampers  A4255 and A4254, a l lowing  a i r  t o  e n t e r  
t h e  cond i t ion ing  u n i t .  Simultaneously,  GN2 supply c o n t r o l  s o l e n o i d  va lves  
A4139 and A4138 a r e  a c t u a t e d ,  a l lowing  20-psig c o n t r o l  p r e s s u r e  t o  a c t  on 
P res su re  C o n t r o l l e r s  A4252 and A4253. The p r e s s u r e  c o n t r o l l e r s ,  p r e s e t  t o  
ma in ta in  a s t a t i c  p r e s s u r e  of 57 i n .  o f  H20 downstream of t h e  blower,  s ense  
an  ove rp res su re .  The c o n t r o l l e r s  then  open Volume Boosters A4323 and A4324, 
a l lowing  20-psig GN2 c o n t r o l  p r e s s u r e  t o  c l o s e  GN2 Flow Cont ro l  Regula tors  
A4141 and A4140, prevent ing  GN2 from e n t e r i n g  t h e  cond i t ion ing  u n i t .  

To s e l e c t  GN2 f o r  condi t ion ing ,  a i r  supply Solenoid Valves A4145 and 
A4147, and GN2 supply Solenoid Valves A4139 and A4138 a re  deac tua ted .  Deac- 
t u a t i o n  o f  t h e  a i r - s u p p l y  so lenoids  a l lows  8 p s i g  GN2 c o n t r o l  p r e s s u r e  t o  
i n f l a t e  s p h e r i c a l  B a l l  Dampers A4255 and A4254, p reven t ing  a i r  from e n t e r i n g  
t h e  cond i t ion ing  u n i t .  Deactuation o f  GN2 supply Solenoid Valves A4139 and 
A4138 a p p l i e s  downstream. blower p re s su re ,  r a t h e r  than  t h e  20 p s i g  c o n t r o l  
p r e s s u r e ,  t o  P res su re  Con t ro l l e r s  A4252 and A4253. S ince  t h e  p r e s s u r e  con- 
t r o l l e r s  are  preset t o  ma in ta in  a s t a t i c  p r e s s u r e  of  57 in .  of H20 downstream 
of  t h e  blower, a lower p r e s s u r e  w i l l  cause  t h e  p r e s s u r e  c o n t r o l l e r s  t o  p o s i t i o n  
Volume Boosters A4323 and A4324 to  dec rease  t o  amount of  c o n t r o l  p r e s s u r e  
a p p l i e d  t o  t h e  a c t u a t o r s  of  GN2 Flow Cont ro l  Regula tors  A4141 and A4140. 
dec rease  i n  c o n t r o l  p r e s s u r e  opens t h e  GN2 f low c o n t r o l  r e g u l a t o r s  , a l lowing  
GN2 t o  e n t e r  the cond i t ion ing  u n i t .  In t h i s  way, t h e  combination of pneumatic 
c o n t r o l l e r s  and volume boos te r s  a c t  as a pneumatic a m p l i f i e r .  A dec rease  i n  
downstream blower p r e s s u r e  w i l l  cause  a corresponding i n c r e a s e  i n  GN2 flow 
through t h e  r e g u l a t o r s .  
blower p r e s s u r e  r eaches  i t s  normal s t a t i c  p r e s s u r e  of 57 i n .  H20. Should a 
blower f a i l  wh i l e  o p e r a t i n g  i n  t h e  GN2 mode, t h e  GN2 flow c o n t r o l  r e g u l a t o r s  
would open f u l l y ,  p rovid ing  a GN2 f low s u f f i c i e n t  t o  compensate f o r  t h e  l o s t  
blower.  

A 

The GN2 flow w i l l  i n c r e a s e  u n t i l  t h e  downstream 

To a l l e v i a t e  r e p e t i t i o n  o f  "air o r  GN2," only  a i r  w i l l  b e  mentioned as 
t h e  c o n d i t i o n i n g  medium i n  t h e  fo l lowing  d e s c r i p t i o n s .  

2.2.  R e f r i g e r a n t  Subsystem 

High-pressure  l i q u i d  f r eon  (Type R-22) expands through Primary Thermal 
Expansion Valve A4134 and Secondary Thermal Expansion Valve A4151 i n t o  Evap- 
o r a t o r  C o i l s  A4369 and A4149. Liquid f r eon  a t  low p r e s s u r e  c i r c u l a t e s  through 
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t h e  evapora tor  c o i l s  and absorbs  h e a t  from a i r  pas s ing  over t h e  c o i l s  and 
vapor i zes .  The vaporized f r eon  flows through Evaporator P r e s s u r e  Regula tor  
A4127, Heat Exchanger A4590, Compressor Suct ion  Se rv ice  Valve A4129 and i n t o  
Compressor A4126. The h o t ,  compressed f r e o n  gas ,  d i scha rged  from t h e  compres- 
s o r  through Compressor Discharge S e r v i c e  Valve A4128, can flow i n  t h r e e  pos- 
s i b l e  d i r e c t i o n s .  
c o n d i t i o n i n g  u n i t  and c o n t r o l  u n i t  requi rements .  The t h r e e  f r eon  flow pa ths  
a r e  as fo l lows:  (1) The compressed f r e o n  flows through Hot Gas Bypass Regu- 
l a t o r  A4123 and i n t o  t h e  compressor s u c t i o n  l i n e .  ( 2 )  The compressed f r eon  
flows through D i f f e r e n t i a l  P res su re  Regulator A4122, Condenser I n l e t  Se rv ice  
Valve A4113, and i n t o  Condenser-Receiver A4117. ( 3 )  The f r eon  flows through 
Reheat C o i l  Serv ice  Valves A4277 and A4229 i n t o  Reheat Co i l  A4216. The h o t ,  
compressed f r eon  c i r c u l a t e s  through t h e  r e h e a t  c o i l ,  t r a n s f e r r i n g  h e a t  t o  t h e  
a i r  pas s ing  over t he  c o i l s ,  and flows o u t  of t h e  r e h e a t  c o i l  through A i r  Tem- 
p e r a t u r e  Regulator A4217, through Reheat Co i l  S e r v i c e  Valves A4230 and A4276, 
through Condenser I n l e t  Se rv ice  Valve A4113, and i n t o  Condenser-Receiver A4117. 
The f r eon  gas c i r c u l a t e s  through t h e  condenser - rece iver  and i s  cooled  and 
condensed by water flowing through c o i l s  w i t h i n  t h e  condense r - r ece ive r .  The 
coo l ing  water i s  supp l i ed  by t h e  coo l ing  tower f a c i l i t y  and i t s  flow r a t e  is  
c o n t r o l l e d  by Water Regula t ion  Valve A4111. The condensed f r e o n  flows from 
Condenser-Receiver A4117 through Condenser O u t l e t  S e r v i c e  Valve A4116, F i l t e r -  
Dr i e r  S e r v i c e  Valve A4121, F i l t e r - D r i e r  A4118, and F i l t e r - D r i e r  Se rv ice  Valve 
A4120 and i n t o  Heat Exchanger A4390. The condensed f r eon  is f u r t h e r  cooled 
i n  t h e  h e a t  exchanger by f r eon  flowing i n  t h e  compressor s u c t i o n  l i n e  b e f o r e  
flowing through Sight Glass A4136 t o  Thermal Expansion Valves A4134 and A4151, 
completing t h e  cyc le ,  o r  through Desuperheating Valve A4125 i n t o  t h e  compres- 
s o r  s u c t i o n  l i n e .  The q u a n t i t y  of r e f r i g e r a n t  f lowing through t h e  desuper- 
h e a t i n g  v a l v e  i s  dependent on cond i t ion ing  u n i t  requi rements .  

The q u a n t i t y  of f r e o n  flowing through each pa th  depends on 

The fo l lowing  paragraphs d e s c r i b e  t h e  major components and assembl ies  
t h a t  comprise t h e  r e f r i g e r a n t  subsystem. 

2.2.1. Thermal Expansion Valves A4134 and A4151. These va lves  r e g u l a t e  
t h e  flow of f r eon  through Primary Evaporator Co i l  A4369 and Secondary Evapora- 
t o r  C o i l  A4149. The flow is r e g u l a t e d  t o  supe rhea t  t h e  gaseous f r e o n  l eav ing  
t h e  evapora tor  a s p e c i f i e d  amount (approximately 9'F). The thermal expansion 
va lve  opening i s  c o n t r o l l e d  by a thermal s e n s i n g  bulb  a t t a c h e d  t o  t h e  evapora- 
t o r  d i scha rge  l i n e  and a n  evapora tor  d i scha rge  p r e s s u r e  sens ing  l i n e .  Should 
t h e  evapora tor  d i scharge  tempera ture  i n c r e a s e ,  t h e  p r e s s u r e  i n  t h e  thermal 
s ens ing  bulb and c a p i l l a r y  tube  would i n c r e a s e  and move t h e  expansion va lve  
p o s i t i o n e r  t o  e q u a l i z e  t h i s  p r e s s u r e  w i t h  t h e  evapora tor  d i scha rge  p r e s s u r e ,  
thus  i n c r e a s i n g  the  thermal expansion va lve  opening. Conversely,  a dec rease  
i n  evapora tor  d i scharge  tempera ture  w i l l  cause  t h e  v a l v e  opening t o  decrease .  

During low flow c o n d i t i o n s ,  t h e  thermal expansion va lves  l o s e  t h e i r  
a c c u r a t e  flow c o n t r o l  c a p a b i l i t i e s .  When t h e  a i r  i n t a k e  tempera ture  drops too  
low (below approximately 75OF), Thermal Switch A4363, l o c a t e d  downstream o f  
Blower A4142, deac tua te s  and t akes  power o f f  evapora to r  c o i l  c u t o f f  Solenoid 
Valve A4137. Deactuation of t h i s  so l eno id  causes  t h e  s e n s i n g  l i n e  of  Thermal 
Expansion Valve A4151 t o  s ense  h igh  evapora tor  i n l e t  p r e s s u r e  r a t h e r  than t h e  
low evapora tor  d i scharge  p r e s s u r e .  The h ighe r  p r e s s u r e  a p p l i e d  t o  t h e  
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a c t u a t i n g  mechanism c l o s e s  the valve, caus ing  a n  inc reased  f r eon  flow r a t e  
through Thermal Expansion Valve A4134 and Primary Evaporator Coi l  A4369. 

2.2.2. Evaporator P res su re  Regulator A4127. The r e g u l a t o r  c o n t r o l s  t h e  
p r e s s u r e  w i t h i n  Evaporator Co i l s  A4369 and A4149. The amount of h e a t  absorbed  
from t h e  a i r  flowing over  t h e  evaporator c o i l s  i s  dependent on t h e  tempera ture  
d i f f e r e n t i a l  between t h e  f r eon  gas w i t h i n  t h e  c o i l  and t h e  a i r  flowing over  
t h e  c o i l ,  and on t h e  vapor p re s su re  of t h e  f r eon  w i t h i n  t h e  c o i l s .  Freon t e m -  
p e r a t u r e  i s  r e g u l a t e d  by t h e  thermal expansion va lves  and f r e o n  vapor p r e s s u r e  
i s  c o n t r o l l e d  by t h e  evapora tor  p re s su re  r e g u l a t o r .  Thermistor A4080, l o c a t e d  
downstream of t h e  evapora tor  c o i l s  i n  t h e  c o n d i t i o n i n g  duc t ,  senses  t h e  t e m -  
p e r a t u r e  of  t h e  a i r  l eav ing  t h e  evaporator and s i g n a l s  P res su re  C o n t r o l l e r  
A4132 t o  i n c r e a s e  o r  dec rease  t h e  pneumatic p r e s s u r e  a p p l i e d  t o  t h e  p o s i t i o n -  
ing  mechanism of t h e  evapora tor  p re s su re  r e g u l a t o r .  The r e g u l a t o r  w i l l  b e  
opened when t h e  the rmis to r  s enses  a tempera ture  i n c r e a s e .  Opening of  t h e  r e g -  
u l a t o r  reduces t h e  vapor p r e s s u r e  w i t h i n  t h e  evapora tor  , thus  i n c r e a s i n g  t h e  
amount of h e a t  absorbed from t h e  a i r  dur ing  f r eon  v a p o r i z a t i o n .  Conversely, 
t h e  r e g u l a t o r  c l o s e s  when t h e  c o n t r o l  t h e r m i s t o r  s enses  a tempera ture  dec rease .  
The r e g u l a t o r  and i t s  a s s o c i a t e d  c o n t r o l s  are designed t o  main ta in  t h e  a i r  
d i scha rge  from t h e  evapora tor  a t  approximately 40°F. 

2.2.3. Heat Exchanger A4390. This  l i q u i d  t o  gas h e a t  exchanger t r a n s f e r s  
h e a t  from t h e  h o t  l i q u i d  f r eon  i n  t h e  condenser d i scha rge  l i n e  t o  t h e  gaseous 
(or p a r t i a l l y  gaseous) f r eon  i n  the  compressor s u c t i o n  l i n e .  This  l e s s e n s  t h e  
p o s s i b i l i t y  o f  l i q u i d  f r e o n  reaching  t h e  compressor and i n c r e a s e s  t h e  e f f i -  
c iency  of t h e  r e f r i g e r a n t  subsystem by f u r t h e r  coo l ing  t h e  
ing  t o  t h e  thermal expansion va lves .  

2.2.4. Compressor A4126. Gaseous f r eon  flowing from 
A4390 i s  compressed so t h a t  i t  can b e  cooled t o  t h e  l i q u i d  
(The compressor can be  i s o l a t e d  fo r  maintenance by c l o s i n g  
Se rv ice  Valve A4129 and Compressor Discharge Se rv ice  Valve 

l i q u i d  f r e o n  flow- 

Heat Exchanger 
s t a t e  more e a s i l y .  
Compressor Suc t ion 
A4128.) 

A High-Low Pres su re  ,Switch A4279 c u t s  o f f  t h e  compressor i f  t h e  compressor 
d i scha rge  p r e s s u r e  becomes too  high o r  t h e  compressor s u c t i o n  p r e s s u r e  drops 
below a p r e s c r i b e d  va lue .  Should t h e  compressor b e  c u t  o f f ,  Suc t ion  P res su re  
Switch A4393 would d e a c t u a t e ,  a l lowing  Liquid  Stop Solenoid Valve A4195 and 
Hot Gas Bypass Solenoid Valve A4124 t o  c l o s e ,  p reven t ing  t h e  flow of l i q u i d  
f r e o n  t o  lower pa r t s  of t h e  system whi l e  t h e  compressor is  inope ra t ive .  

Visua l  i n d i c a t i o n  of  compressor s u c t i o n  and d i scha rge  p r e s s u r e  i s  g iven  
by P res su re  Gages A4336 and A4278, r e s p e c t i v e l y .  
A4130 are  used t o  i s o l a t e  t h e  p re s su re  gages when necessa ry . )  

(Manual Valves A4131 and 

2.2.5. Hot Gas Bypass Regulator A4123. This  r e g u l a t o r  c o n t r o l s  t h e  flow 
o f  hot  compressed gaseous f r e o n  in to  t h e  compressor s u c t i o n  l i n e ,  ma in ta in ing  a 
c o n s t a n t  l oad  on t h e  compressor and vapor i z ing  any l i q u i d  f r eon  t h a t  might be  
i n  t h e  l i n e .  

A p re s su re -ope ra t ed  p i l o t  valve,  p a r t  o f  t h e  r e g u l a t o r  assembly, r e g u l a t e s  
t h e  amount of c o n t r o l  p r e s s u r e  a p p l i e d  t o  t h e  main va lve .  The normally-open 
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p i l o t  v a l v e  i s  c losed  by compressor s u c t i o n  p r e s s u r e ,  dec reas ing  t h e  amount 
of  opening c o n t r o l  p r e s s u r e  s u p p l i e d  t o  t h e  normal ly-c losed  main v a l v e  o f  t h e  
r e g u l a t o r  assembly; t h e r e f o r e ,  when t h e  compressor s u c t i o n  p r e s s u r e  dec reases ,  
t h e  p i l o t  v a l v e  opens, a l lowing  compressed f r eon  t o  open t h e  main va lve .  
Opening of  t h e  main v a l v e  a l lows  h o t ,  compressed f r eon  from t h e  compressor 
d i s c h a r g e  l i n e  t o  flow d i r e c t l y  i n t o  t h e  compressor s u c t i o n  l i n e ,  e s s e n t i a l l y  
s h o r t  c i r c u i t i n g  t h e  rest o f  t h e  system t o  ma in ta in  a c o n s t a n t  l oad  on t h e  
compressor. 

I-- 

2.2.6. D i f f e r e n t i a l  P res su re  Regulator A4122. A c o n s t a n t  p r e s s u r e  d i f -  
f e r e n t i a l  between t h e  r e h e a t  c o i l  i n l e t  and o u t l e t  is  main ta ined  by t h i s  r e g -  
u l a t o r  t o  induce f r eon  flow through t h e  c o i l .  The f r e o n  flowing through t h e  
p r e s s u r e  r e g u l a t o r  flows d i r e c t l y  i n t o  Condenser-Receiver A4117. 

2.2.7. Reheat C o i l  A4216. The c o i l ,  l o c a t e d  i n  c o n t r o l  u n i t  "C", i s  a 
h e a t  exchanger t h a t  a l lows  ho t  compressed f r eon  gas t o  t r a n s f e r  h e a t  t o  t h e  
coo l  a i r  flowing a c r o s s  t h e  c o i l .  (Reheat Coi l  S e r v i c e  Valves A4277, A4229, 
A4230, and A4276 a r e  used t o  i s o l a t e  t h e  cond i t ion ing  and c o n t r o l  u n i t  r e f r i g -  
e r a n t  subsystem when t h e  u n i t s  a r e  be ing  t r a n s p o r t e d ,  i n s t a l l e d ,  o r  main- 
t a  ined  . ) 

2 .2 .8 .  A i r  Temperature Regulator A4217. The r e g u l a t o r  c o n t r o l s  t h e  
f r eon  flow r a t e  through t h e  r e h e a t  c o i l ,  thus c o n t r o l l i n g  t h e  tempera ture  of  
t h e  a i r  l e a v i n g  t h e  c o i l .  The a i r  t e m p e r a t u r e  r e g u l a t o r  is  c o n t r o l l e d  by 
Temperature Con t ro l l e r  A4215 and S - I V  engine  compartment Thermistor E59. The 
t h e r m i s t o r  s enses  t h e  compartment tempera ture  and s i g n a l s  tempera ture  c o n t r o l -  
ler  t o  p o s i t i o n  A i r  Temperature Regulator A4217 accord ing ly .  If t h e  compart- 
ment tempera ture  i s  too  low (below approx. 210°F) t h e  a i r  tempera ture  r e g u l a -  
t o r  opens, allowing more h o t ,  gaseous f r e o n  t o  flow through t h e  r e h e a t  c o i l .  
I f  t h e  compartment tempera ture  is  too h igh ,  t h e  r e g u l a t o r  c l o s e s  t o  r e s t r i c t  
f r eon  flow through t h e  c o i l .  

When t h e  r e g u l a t o r  is  opened f u l l y ,  i t  a c t u a t e s  a cam motor. The cam 
motor r o t a t e s  t o  p u t  power on one of  t h e  t h r e e  h e a t e r  banks i n  t h e  Aux i l i a ry  
Duct Heater A4245. 
u l a t o r  r e t u r n s  t o  a modulating p o s i t i o n .  I f  t h e  compartment tempera ture  is 
s t i l l  too  low and t h e  r e g u l a t o r  remains f u l l y  open o r  becomes f u l l y  open a g a i n ,  
t h e  cam motor w i l l  r o t a t e  t o  e n e r g i z e  t h e  second bank of  h e a t e r s .  The t h i r d  
bank i s  energ ized  i n  t h e  same manner. 
same manner b u t  i n  r e v e r s e  sequence when t h e  compartment tempera ture  is  h igh  
enough t o  f u l l y  c l o s e  t h e  va lve .  

A s  t h e  a i r  tempera ture  i n c r e a s e s ,  t h e  a i r  tempera ture  r e g -  

The h e a t e r s  w i l l  b e  deenerg ized  i n  t h e  

I f  Thermistor E59 o r  Temperature C o n t r o l l e r  A4215 should  f a i l ,  t h e  a i r  
tempera ture  r e g u l a t o r  can b e  c o n t r o l l e d  manually from t h e  LCC o r  t h e  AGCS; 
however, t h e  LCC c o n t r o l  o v e r r i d e s  t h e  AGCS c o n t r o l .  

2.2.9. Condenser-Receiver A4117. This  condenser - rece iver  i s  a s h e l l  
and tube  type  condenser w i th  s u f f i c i e n t  c a p a c i t y  t o  s e r v e  as a r e c e i v e r  should  
system pumpdown be necessa ry .  (Condenser s e r v i c e  va lves  A4113 and A4116 i s o -  
l a t e  t h e  condenser when necessa ry . )  Re l i e f  Valve A4115 r e l i e v e s  a t  350 ps ig ,  
p reven t ing  condenser damage. Cooling water flowing through t h e  condenser tubes  
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i s  s u p p l i e d  by t h e  coo l ing  tower f a c i l i t y  and r e g u l a t e d  by Water Regula t ion  
Valve A4111. The q u a n t i t y  of cool ing  water flowing through t h e  tubes  i s  
d i r e c t l y  p r o p o r t i o n a l  t o  condenser p re s su re .  P res su re  C o n t r o l l e r  A4372 senses 
t h e  condenser p r e s s u r e  through Condenser Purge Valve A4114 and r e g u l a t e s  t h e  
c o n t r o l  p r e s s u r e  supp l i ed  t o  t h e  c los ing  s i d e  of t h e  water r e g u l a t i o n  va lve .  
Inc reas ing  condenser p r e s s u r e  w i l l  p r o p o r t i o n a l l y  c l o s e  t h e  p r e s s u r e  c o n t r o l -  
l e r ,  lowering t h e  c o n t r o l  p re s su re  s u p p l i e d  t o  t h e  c l o s i n g  s i d e  of t h e  r e g u l a -  
t i o n  va lve ,  a l lowing  20-psig GN2 c o n t r o l  p r e s s u r e  t o  open t h e  r e g u l a t i o n  
valve; thereby  i n c r e a s i n g  t h e  cool ing  water flow r a t e  through t h e  condenser 
t ubes .  A dec rease  i n  condenser p re s su re  w i l l  a l l ow t h e  p r e s s u r e  c o n t r o l l e r  
t o  open, i n c r e a s i n g  t h e  amount of c o n t r o l  p r e s s u r e  a p p l i e d  t o  t h e  c l o s i n g  s i d e  
of  t h e  Water Regula t ion  Valve; thereby c l o s i n g  t h e  water r e g u l a t i o n  va lve .  

A Flow Balancing O r i f i c e ,  A4112, i n s t a l l e d  between t h e  condenser i n l e t  
l i n e  and t h e  water r e g u l a t i o n  valve ( i n  p a r a l l e l  w i th  t h e  condenser t u b e s ) ,  
p rovides  a n  a l t e r n a t e  flow pa th  when r e q u i r e d  flow through t h e  condenser is  
less than  f u l l  flow from t h e  cool ing  tower. 

2.2.10. F i l t e r - D r i e r  A4118. The f i l t e r - d r i e r  removes moi s tu re  and con- 
taminant p a r t i c l e s  from t h e  r e f r i g e r a n t  charge.  (Should replacement of t h e  
f i l t e r - d r i e r  element b e  necessary  dur ing  system o p e r a t i o n ,  opening o f  F i l t e r -  
Drier Bypass Valve A4119 and c l o s i n g  of F i l t e r - D r i e r  S e r v i c e  Valves A4121 and 
A4120 a l lows  removal o f  t h e  element wi thout  s h u t t i n g  t h e  system down o r  l o s i n g  
r e f r i g e r a n t  . ) 

2.2.11. Desuperhea t inr  Valve A4125. The desuperhea t ing  v a l v e  a l lows  
h igh  p r e s s u r e  l i q u i d  f r eon  t o  f l o w  i n t o  t h e  compressor s u c t i o n  l i n e ,  upstream 
of  Heat Exchanger A4390, ' t o  prevent compressor ove rhea t ing  and t o  keep t h e  
compressor i n l e t  t empera ture  r e l a t i v e l y  c o n s t a n t .  The v a l v e  is c o n t r o l l e d  by 
a tempera ture-sens ing  bu lb  a t  t h e  compressor i n l e t .  An i n c r e a s e  i n  compressor 
s u c t i o n  tempera ture  w i l l  cause  the  medium w i t h i n  t h e  thermal s ens ing  bulb  and 
i t s  c a p i l l a r y  tube  t o  expand, opening t h e  desuperheat ing  va lve ,  thus  a l lowing  
h i g h  p r e s s u r e  l i q u i d  f r eon  t o  expand i n t o  t h e  compressor s u c t i o n  l i n e  and 
vapor i ze .  In vapor iz ing , '  t h e  freon absorbs  hea t  from t h e  gaseous f r eon ,  thus  
lowering t h e  compressor i n l e t  temperature.  

2.2.12. R e f r i g e r a n t  Inspec t ion  Devices. Mois ture  I n d i c a t o r  A4396 and 
S i g h t  Glass A4136 a l low v i s i o n a l  i n s p e c t i o n  of t h e  r e f r i g e r a n t  charge  moi s tu re  
c o n t e n t  and t h e  r e f r i g e r a n t  charge l e v e l .  

3 .  REMOTE AIR INTAKE FA CI LI T Y 

The remote a i r  i n t a k e  f a c i l i t y  s u p p l i e s  a i r  t o  t h e  ECS cond i t ion ing  u n i t s .  
Fan A4211 draws a i r  i n  through a sc reen ,  F i l t e r  A4209, and Damper A4210 and 
f o r c e s  i t  through a duc t  t o  t h e  cond i t ion ing  u n i t s .  

Pneumatic C o n t r o l l e r  A4088 senses t h e  fan  o u t l e t  p r e s s u r e  and t h e  atmos- 
phe re  p r e s s u r e  and p o s i t i o n s  Damper A4210 t o  ma in ta in  a c o n s t a n t  o u t l e t  s t a t i c  



p r e s s u r e  o f  3 in.  H20. 
i n d i c a t i o n  a t  the  LCC when t h e  i n t a k e  a i r  p r e s s u r e  i s  too  h igh  o r  t o o  low. 

P res su re  Switches A4358 and A4367 a c t u a t e  t o  g i v e  an  

4. COOLING TOWER F A C I L I T Y  

The coo l ing  tower r e c e i v e s  hea ted  water from t h e  condenser of each con- 
d i t i o n i n g  u n i t .  The water, admi t t ed  a t  top  o f  t h e  tower, f a l l s  i n  d r o p l e t s  
through a s e r i e s  of  t r a y s .  
t o  cool  t h e  water.  Pump A4054 c i r c u l a t e s  t h e  water through t h e  condensers 
and t h e  coo l ing  tower. The water flows from t h e  pump through Check Valve 
A4320 t o  t h e  condenser c o i l s  of  each u n i t ,  where i t  abso rbs  h e a t  from t h e  
compressed f r eon  flowing through t h e  condenser. 
back t o  t h e  cool ing  tower t o  be  cooled and r e c i r c u l a t e d .  

Blower A4053 f o r c e s  ambient a i r  through t h e  tower 

The h e a t e d  water then  flows 

The water l e v e l  i n  t h e  coo l ing  tower i s  c o n t r o l l e d  by Floa t -Opera ted  
Valve A4052. As water i s  l o s t  t o  t h e  atmosphere and by condenser blow-down, 
t h e  f l o a t - o p e r a t e d  v a l v e  opens and a l lows  t h e  supply t o  be  r e p l e n i s h e d  through 
Make-up Water Valve A4050. 
A4051.1 

(The tower can be  d ra ined  through Drain Valve 

Blow-Down Valve A4150 i s  l e f t  open dur ing  tower o p e r a t i o n  t o  prevent  de- 
p o s i t s  from accumulating i n  t h e  condensers dur ing  sys t em o p e r a t i o n .  

5. P N E U M A T I C  C O N T R O L  P R E S S U R E  SYSTEM 

The pneumatic c o n t r o l  p r e s s u r e  used f o r  v a l v e  a c t u a t i o n  and s p h e r i c a l  
b a l l  damper i n f l a t i o n  is  supp l i ed  by valve panel  5. The GN2 a t  50 p s i g  is 
f i l t e r e d  through F i l t e r  A4317, r e g u l a t e d  t o  20 p s i g  by Regulator A4269, and 
supp l i ed  t o  t h e  ECS cond i t ion ing  u n i t s  f o r  v a l v e  a c t u a t i o n .  Also, t h e  50-ps ig  
GN2 i s  f i l t e r e d  by F i l t e r  A4316, r e g u l a t e d  t o  8 p s i g  by Regulator A4270, and 
supp l i ed  t o  t h e  ECS cond i t ion ing  u n i t s  f o r  s p h e r i c a l  b a l l  damper i n f l a t i o n .  
The 20 p s i g  and the  8 p s i g  c o n t r o l  p r e s s u r e  i s  monitored by P res su re  Gages 
A4318 and A4319, r e s p e c t i v e l y .  

6. ENVIRONMENTAL C O N T R O L  S Y S T E M  C O N T R O L S  

6.1. Launch Control Center Cont ro l  Panels 

The following pane l s  i n  t h e  LCC are  used t o  i n i t i a t e ,  moni tor ,  and con- 
t r o l  t h e  ope ra t ion  of t h e  ECS. 
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a.  System Control  Panel. 

1. ON-OFF Switch - Provides dc power f o r  t h e  e l e c t r i c a l  
c o n t r o l  system. 

2. POWER ON Ind ica to r  - I n d i c a t e s  p o s i t i o n  of  dc power 
ON-OFF Switch. 

3 .  START Switch (push-but ton)  - Sends s i g n a l  t o  a panel  on t h e  
cool ing  tower t o  i n i t i a t e  t h e  system s t a r t  sequence. 

4 .  STOP Switch (push-but ton)  - Terminates system ope ra t ion .  

5 .  SYSTEM RUNNING Ind ica to r  - I n d i c a t e s  system s t a r t i n g  se- 
quence has been completed. 

6. AIR-GN2 Switches - S e l e c t  t h e  cond i t ion ing  medium supp l i ed  
t o  each compartment. 

7 .  NITROGEN SUPPLY PRESSURE (HIGH-NORMAL-LOW) I n d i c a t o r s  - 
I n d i c a t e  GN2 supply p re s su re .  

8. A I R  SUPPLY PRESSURE (HIGH-NORMAL-LOW) I n d i c a t o r s  - I n d i c a t e  
a i r  supply pressure .  

b .  Compartment Temperature Control  Panels.. There is  a panel  f o r  
each compartment, c o n s i s t i n g  of  t h e  fol lowing:  

1. LCC-AGCS Switch - S e l e c t s  l o c a t i o n  of  tempera ture  s e l e c t o r  
ope ra t ion ,  LCC o r  AGCS. 

2. LCC-AGCS Indica tor  - I n d i c a t e  l o c a t i o n  of temperature  
s e l e c t o r  opera t ion ,  LCC o r  AGCS. 

3 .  MANUAL-AUTO Switch - S e l e c t s  t h e  method of a i r  temperature  
r e g u l a t o r  con t ro l  (manual o r  au tomat i c )  

4 .  MANUAL-AUTO Ind ica to r  - I n d i c a t e s  p o s i t i o n  of MANUAL-AUTO 
Switches.  

5. INCREASE-DECREASE Temperature Switch - Contro ls  p o s i t  ion  
of t h e  a i r  temperature  r e g u l a t o r .  

6. Temperature Control  Valve Pos i t i on  Ind ica to r  - I n d i c a t e s  
a i r  temperature  r egu la  t o r  opening. 

7 .  COMPARTMENT TEMPERATURE Gage - Ind ica t e s  temperature  i n  t h e  
v e h i c l e  compartment o r  i n  t h e  duct  l ead ing  t o  t h e  compart- 
ment i n  degrees Fahrenhei t .  
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a .  

9 .  

10. 

11. 

1 2  4 

TEMP. SELECTOR - S e l e c t s  v e h i c l e  compartment tempera ture  
when o p e r a t i n g  a u t o m a t i c a l l y .  

FLOW CONTROL I n d i c a t o r  - I n d i c a t e s  flow r a t e  of  a i r  or GN2 
i n t o  each compartment i n  lbs /min .  

FLOW CONTROL INCREASE-DECREASE Switch - Contro ls  t h e  open- 
ing of a i r - G N 2  flow c o n t r o l  va lve .  

HEATER BANK ON I n d i c a t o r s  - I n d i c a t e  t h e  o p e r a t i n g  s t a t e  
of c o n t r o l  u n i t  e l e c t r i c a l  h e a t e r s .  (On S - I  and S-IV en- 
g ine  compartment pane l s  o n l y . )  

OVERHEAT LIMIT SW ACTUATED I n d i c a t o r  - I n d i c a t e s  when t h e  
over - tempera ture  c u t  o u t  swi t ch  has a c t u a t e d .  
S-N engine  compartment pane ls  o n l y . )  

(On S - I  and 

c .  Conditioned Gas Temperature - Evaporator Discharge Panel. ' This  
panel i n d i c a t e s  t h e  tempera ture  of  cond i t ioned  a i r  o r  GN2 i n  
each duct l eav ing  t h e  cond i t ion ing  u n i t  evapora to r s .  

d. In take  A i r  - Nitrogen Purge Panel.  

1. 

2. 

3 .  

4 .  

5. 

SLOW Switch (push-button) - I n i t i a t e s  slow speed o p e r a t i o n  
of t h e  remote a i r  i n t a k e  blower.  

FAST Switch (push-button) - I n i t i a t e s  h igh  speed (normal) 
o p e r a t i o n  of t h e  blower. 

SLOW I n d i c a t o r  - I n d i c a t e s  when t h e  remote a i r  i n t a k e  
blowers a re  o p e r a t i n g  a t  slow speed .  

FAST I n d i c a t o r  - I n d i c a t e s  when t h e  remote a i r  i n t a k e  
blower is  o p e r a t i n g  a t  f a s t  (normal) speed. 

PURGE ON I n d i c a t o r s  - I n d i c a t e  when t h e  c o n t r o l  pane ls  on 
t h e  AGCS roof  a re  adequa te ly  purged. 

e. D i s t r i b u t o r  Panels .  

6 . 2 .  Automatic Ground Con t ro l  S t a t i o n  Roof Cont ro l  Panels 

a .  Sequence Cont ro l  Panel.  

1. START Switch (push-button) - I n i t i a t e s  system s t a r t  se- 
quenc e .  

2. STOP Switch (push-button) - Terminates system o p e r a t i o n .  

3 .  C I R C U I T  BREAKER MAIN COOLING TOWER (handle)  - Allows man- 
u a l  r e s e t  o f  main c o o l i n g  tower c i r c u i t  b r e a k e r .  
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b.  Condi t ion ing  Unit Cont ro l  Panels.  Each panel  (one f o r  each 
cond it ion  ing  un it  ) con ta  i n s  t h e  f o 1 low ing  : 

1. 

2. 

3 .  

4 .  

5. 

6. 

7 .  

CONDITIONED GAS TEMP. -EVAPORATOR DISCH. Gages - I n d i c a t e  
tempera ture  (OF) of  t h e  a i r  o r  GN2 i n  each duc t  l e a v i n g  
t h e  cond i t ion ing  u n i t  evapora to r .  

REFRIGERANT PRESSURE Gages - I n d i c a t e  compressor s u c t i o n  
and d i scha rge  p r e s s u r e .  

CIRCUIT BREAKER M A I N  (handle)  - Allows manual reset  of  
main cond i t ion ing  u n i t  c i r c u i t  b r e a k e r .  

C I R C U I T  BREAKER BLOWER (handle) - Allows manual reset o f  
blower c i r c u i t  b reaker .  

BLOWER Switch (AUTO-OFF-MAN) - AUTO p o s i t i o n  a l lows  a u t o -  
ma t i c  ope ra t ion  from t h e  LCC. MAN p o s i t i o n  a l lows  l o c a l  
o p e r a t  ion of cond i t ion ing  u n i t  blowers.  

COMPRESSOR CIRCUIT BREAKER (handle) - Allows manual reset 
of  compressor c i r c u i t  b reake r .  

COMPRESSOR Switch (AUTO-OFF-MAN) - AUTO p o s i t i o n  a l lows  
au tomat ic  ope ra t ion  from t h e  LCC. MAN p o s i t i o n  provides  
f o r  l o c a l  ope ra t ion  of cond i t ion ing  u n i t  compressor. 

c .  Cont ro l  Unit Control Panel.  Each panel  (one f o r  each c o n t r o l  
u n i t  ) con ta i n s  the  f o 1 lowing : 

1. 

2 .  

3 .  

4 .  

5. 

6. 

COMPARTMENT TEMPERATURE I n d i c a t o r  ( s )  - I n d i c a t e ( s )  com- 
partment temperature (or  duc t  tempera ture)  i n  degrees 
Fahrenhe i t .  

TEMPERATURE SELECTOR(s) - Prov ide ( s )  c o n t r o l  of compartment 
tempera ture .  

AGCS Ind ica to r  (s) - I n d i c a t e ( s )  t h a t  t h e  compartment tempera-  
t u r e s  may be  s e l e c t e d  from t h e  AGCS r o o f .  

LCC Ind ica to r  (s) - I n d i c a t e ( s )  t h a t  d e s i r e d  compartment 
t e m p e r a t u r e s  can only b e  s e l e c t e d  a t  t h e  LCC. 

FLOW I n d i c a t o r ( s )  - I n d i c a t e ( s )  f low r a t e  i n  lbs /min  t o  
t h e  r e l a t e d  v e h i c l e  compartment. 

FLOW CONTROL INCREASE-DECREASE Swi tch(es)  - Cont ro l ( s )  t h e  
p o s i t i o n  of  t h e  a i r - G N 2  flow c o n t r o l  v a l v e ( s )  i n  t h e  d u c t ( s )  
l e a v i n g  c o n t r o l  u n i t .  
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7 .  M A I N  CIRCUIT BREAKER (handle)  - Allows manual reset  of  main 
c i r c u i t  b reaker  i n  c o n t r o l  u n i t  h e a t e r  c i r c u i t .  

8. C I R C U I T  BREAKERS, HEATER BANK A, B,  AND C (handles)  - Allow 
manual reset of t h e  i n d i v i d u a l  h e a t e r  bank c i r c u i t  b reakers .  

6.3.  Cooling Tower Control  Panel 

1. 

2. 

3. 

4 .  

5. 

MAIN C I R C U I T  BREAKER (handle)  - Allows manual reset  of main 
coo l ing  tower c i r c u i t  b reake r .  

PUMP CIRCUIT BREAKER (handle)  - Allows manual reset  of  pump 
c i r c u i t  b reake r s .  

PUMP SWITCH (MANUAL-OFF-AUTO) - MANUAL p o s i t i o n  a l lows  
l o c a l  o p e r a t i o n  of t h e  coo l ing  tower pump. AUTO p o s i t i o n  
a l lows  au tomat ic  o p e r a t i o n  from t h e  LCC. 

FAN C I R C U I T  BREAKER (handle)  - Allows manual reset of f an  
c i r c u i t  b reaker .  

FAN SWITCH (MANUAL-OFF-AUTO) - MANUAL p o s i t i o n  a l lows  
l o c a l  o p e r a t i o n  of  t h e  coo l ing  tower fan.  AUTO p o s i t i o n  
a l lows  au tomat ic  o p e r a t i o n  from t h e  LCC. 

7 .  LAUNCHER AND V E H I C L E  C O M P A R T M E N T  CONDITIONING 

7 . 1 .  Launcher Compartments 

The launcher  compartments are  condi t ioned  wi th  a i r  supp l i ed  by c o n t r o l  
u n i t  I'D" through Check Valve A4351. The a i r  i s  ducted through a t o r u s  around 
t h e  launcher  (not shown). Manual va lves  on t h e  t o r u s  can be opened t o  a l low 
cond i t ion ing  of  the  d e s i r e d  compartments. I f  no compartments r e q u i r e  condi -  
t i o n i n g  t h e  a i r  i s  vented t o  t h e  atmosphere. 

J u s t  p r i o r  t o  launch,  t h e  launcher  compartments are  p res su r i zed  wi th  GN2 
t o  a minimum of 3 in .  H20. Thermistor A4226 i n  t h e  c o n t r o l  u n i t  duct  provides  
a temperature  measurement f o r  LCC and AGCS compartment tempera ture  i n d i c a t i o n  
and a ir temperature  1: egula  t ion. 

7 . 2 .  S - I  Engine Compartment 

The a i r  used t o  cond i t ion  t h e  S - I  engine  compartment is  supp l i ed  by con- 
t r o l  u n i t  "D" . 
t e r f l y  Valve A4342 i n t o  launcher  d i s t r i b u t i o n  duc t s  ( f i g u r e  3, page 51) .  The 
condi t ioned  a i r  flows t o  one s i d e  o f  t h e  launcher  through normally open Pneu- 
mat ic  B a l l  Valve A4903 where t h e  duc t  branches,  r o u t i n g  t h e  flow i n t o  t h e  en- 
g i n e  compartment through Manual B u t t e r f l y  Valve A4339 and Quick Disconnect 

The condi t ioned  a i r  flows through Check Valve A4352 and But- 
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Couplings A4393 and B502; and through Manual B u t t e r f l y  Valve A4340 and Quick  
Disconnect Couplings A4344 and B502. The a i r ,  r o u t e d  t o  t h e  o t h e r  s i d e  of 
t h e  launcher  through Pneumatic Ball Valve A4908, flows i n t o  t h e  engine  com- 
partment through Manual B u t t e r f l y  Valve A4348 and Quick Disconnect Couplings 
A4346 and  B502, and through Manual B u t t e r f l y  Valve A4347 and Quick Disconnect 
Couplings A4345 and B502. 

Also, a s s o c i a t e d  wi th  t h e  ECS hardware used t o  c o n d i t i o n  t h e  S - I  engine  
compartment i s  a deluge purge and a water quench system. 

The deluge purge, s u p p l i e d  by t h e  de luge  purge panel  i n  AGCS, i s  a 50- 
p s i g  GN2 purge t h a t  i s  i n i t i a t e d  in  t h e  event  of v e h i c l e  mal func t ion  r e q u i r i n g  
launch a b o r t .  

GN2, a t  3000 p s i g  from t h e  pneumatic c o n t r o l  d i s t r i b u t o r ,  e n t e r s  t h e  
de luge  purge panel  and flows t o  Dome-Loaded Regulator A2255; and through 
preset  Regula tor  A2252, Solenoid Valve A2254, and O r i f i c e  A2253 t o  t h e  dome 
of Regula tor  A2255. When normally c l o s e d  Solenoid Valve A2254 is  a c t u a t e d ,  
50-ps ig  GN2 from Regulator A2252 flows through t h e  so l eno id  va lve  and O r i f i c e  
A2253 t o  dome-load Regulator A2255, a l lowing  50-psig GN2 t o  flow from Regula- 
t o r  A2255 i n t o  t h e  S - I  engine  compartment cond i t ion ing  duc t s  and b e  d i s t r i b u t e d  
i n  t h e  same manner as t h e  condi t ioned  a i r .  P res su re  Gage A2251 moni tors  t h e  
purge panel  i n l e t  p r e s s u r e ;  P r e s s u r e  Gage A2258, t h e  o u t l e t  p re s su re ;  and  
P r e s s u r e  Gage A2261 , t h e  c o n t r o l  p re s su re .  When t h e  de luge  purge i s  i n i t i a t e d ,  
P r e s s u r e  Switch A2256 i n  t h e  panel o u t l e t  a c t u a t e s ,  ene rg iz ing  normally open 
Solenoid  Valve A4388 and normally c l o s e d  Solenoid  Valve A4387. 
t h e s e  s o l e n o i d  va lves  removes 750-ps i g  opening p r e s s u r e  and a p p l i e s  750-psig 
c l o s i n g  p r e s s u r e  t o  B u t t e r f l y  Valve A4342; thereby  c l o s i n g  t h e  va lve  t o  p r e -  
ven t  t h e  deluge purge from backing up i n t o  t h e  environmental  c o n t r o l  u n i t .  
The purge panel  i s  p r o t e c t e d  by Rel ie f  Valve A2257 i n  t h e  pane l  o u t l e t  l i n e .  
The cond i t ion ing  duc t  is p ro tec t ed  by Burs t  Disc A4341. 

Energ iz ing  

The deluge purge can b e  i n i t i a t e d  manually a t  any time, bu t  i t  is  a u t o -  
m a t i c a l l y  i n i t i a t e d  when .any conax v a l v e  f i r e s  a f t e r  t h e  i g n i t i o n  command has 
been  g iven .  

Should t h e  LCC r e c e i v e  a n  i n d i c a t i o n  from t h e  f i r e - d e t e c t i o n  tempera ture  
s e n s o r s  i n  t h e  engine  compartment t h a t  a f i r e  has  developed w i t h i n  t h e  com- 
par tment ,  a water quench ope ra t ion  w i l l  be  manually i n i t i a t e d .  The i n i t i a t i o n  
s i g n a l  a c t u a t e s  normally-open, so lenoid-opera ted  Pneumatic Valves A4903 and 
A4908, a l lowing  750-psig GN2 t o  c l o s e  t h e  va lves .  The s i g n a l  a l s o  a c t u a t e s  
normal ly-c losed ,  so lenoid-opera ted  Pneumatic Valves A4901 and A4909, a l lowing  
750 p s i g  GN2 t o  open t h e s e  va lves .  Opening of t h e s e  va lves  a l lows  water a t  
125 p s i g  t o  flow i n t o  t h e  engine  compartment through t h e  ECS cond i t ion ing  duc t s .  

7 .3 .  S - I  Instrument Conta iners  

The instrument c o n t a i n e r s  are cond i t ioned  by a i r  supp l i ed  by cond i t ion ing  
u n i t  "All '  and c o n t r o l  u n i t  "B". The cond i t ioned  a i r  flows from t h e  c o n t r o l  u n i t  
through Check Valve A4304 ( f i g u r e  2 )  and is  ducted UP t h e  umbi l i ca l  tower and 
a c r o s s  swing a r m  number one t o  T r a n s i t i o n  Assembly A3058 ( f i g u r e  3 ) .  Thermistor 
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A4212 i n  t h e  t r a n s i t i o n  assembly provides  a tempera ture  measurement f o r  com- 
partment tempera ture  i n d i c a t i o n  on t h e  LCC compartment tempera ture  c o n t r o l  
panel and t h e  AGCS c o n t r o l  u n i t  pane l  and f o r  a i r  tempera ture  r e g u l a t o r  p o s i -  
t i o n i n g .  The condi t ioned  a i r  flows through t h e  umbi l i ca l  housing and i n t o  
t h e  v e h i c l e  through Precool ing  Check Valve Assembly B320, where i t  i s  ducted 
t o  t h e  instrument c o n t a i n e r s  and d i s t r i b u t e d  by c o n i c a l  mani fo lds .  The a i r  
flows o u t  of  t h e  ins t rument  c o n t a i n e r s  and i s  d i scha rged  from t h e  v e h i c l e  
through Precooling Check Valve Assembly B321 and t h e  umbi l i ca l  housing. 
f i c e  B322 provides continuous ven t ing  of  t h e  c o n t a i n e r s  t o  prevent  an  excess ive  
pressure bu i ldup  dur ing  f l i g h t .  

O r i -  

7 .4. S - I V  Eny ine  Compartment 

A i r  f o r  compartment cond i t ion ing  i s  s u p p l i e d  by c o n d i t i o n i n g  u n i t  "A2" 
and c o n t r o l  u n i t  "C" . The condi t ioned  a i r  flows i n t o  t h e  compartment through 
T r a n s i t i o n  Assembly A4398, l o c a t e d  on t h e  swing arm number two connec tor  p l a t e ,  
and i s  d i s t r i b u t e d  w i t h i n  t h e  compartment. The a i r  flows o u t  of t h e  compart- 
ment through hinged pane l s .  Thermistor E59 moni tors  t h e  compartment t empera -  
t u r e  and provides  a temperature measurement f o r  i n d i c a t i o n  on t h e  LCC compart- 
ment tempera ture  c o n t r o l  panel and AGCS c o n t r o l  u n i t  pane l  and f o r  a i r  tempera- 
t u r e  r e g u l a t i o n .  

7 . 5 .  Instrument Unit and S-IV Forward I n t e r s t a g e  

The GN2 used t o  purge and coo l  t h e  ins t rument  u n i t  components and t o  
cond i t ion  t h e  instrument u n i t  and i n t e r s t a g e  a r e a  i s  s u p p l i e d  by c o n t r o l  u n i t  
I l B l l  . The GN2 flowing through t h e  ins t rument  u n i t  d i s t r i b u t i o n  duc t  from 
T r a n s i t i o n  Assembly A3282 and t h e  swing a r m  t h r e e  umbi l i ca l  housing is  d i s -  
t r i b u t e d  t o  t h e  ind iv idua l  ins t rument  u n i t  components and t h e  measuring r acks  
i n  t h e  S-IV forward i n t e r s t a g e .  
A3281, t h e  umbi l i ca l  housing, and t h e  S-IV forward i n t e r s t a g e  d i s t r i b u t i o n  
duc t  ma in ta ins  a c o n t r o l l e d  environment w i t h i n  t h e  ins t rument  u n i t  and i n t e r -  
s t a g e  area. The GN2 vents  through four  o u t l e t  p o r t s  i n  t h e  v e h i c l e  s k i n .  

The GN2 flowing through T r a n s i t i o n  Assembly 
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